ENCLOSURE 4



& gt tpe datoayt e

I, STEVEN P. BRADBURY, declare as follows:

1. My name is Steven P. Bradbury. I hold a Doctor of Philosophy
with a double major in Toxicology and Entomology (Insecticide
Toxicology). I received this degree from Iowa State University in
1985. I also received a Mister of Science degree in Entomology
(Insecticide Toxicology) from the same institution in 1981. From
October 1985 until September 1991 I held the position of Research
Biologist (Toxicolegist) in the Predictive Toxicology Branch at the

Environmental Research Iaboratory-buluth in Duluth Mlnnesota.

This facility is a U.S. Eanronmental Protection Agency 1aboratory"""

‘.rwithin thé»Officefof“neseardﬁhahd?Development:m5Sincé'Septemberxi

.....

1991 I have been the Chief of the Predictive Toxicology Branch at
the Environmental Research Laboratory-Duluth. I am an expert in
the field of predictive and environmental toxiceclogy, with an

emphasis on industrial chemicals and insecticides.

2. I also presently hold a position as an adjunct assistant
professor in the Graduate Faculty of Toxicology at the University
of Minnesota. I have served as a reviewer for scientific journals
in the field of environmental toxicology (including Environmental

zoxicology and Chem;st;y) and have both chalred and been 1nv1ted to

of scientific study. A copy of my Curriculum Vitae is attached

hereto as Exhibit A and is incorporated herein by reference.

'attend nnmeroUs natlﬁnal and ihterhatlonal thferehces 1n thlé area -



3. My research efforts both in graduate school and as a
professional have involved laboratory studies on the effects of
industrial chemicals and insecticides on aquatic organisms and
wildlife. I also direct the development of computer models,
databases, and programs that assist regulatory staff to prepare
assessments of the hazards of pollutants to aquatic life and
wildlife. Overall, my duty as a research toxicologist is to
estimate concentrations of pollutants in the nation's surface

waters that, if not exceeded, can be reasonably assumed to protect

aquatic organisms and wildlife that use freshwater -as a source of

‘food, and drihKihg'watér: . ' oo

4. As part of mny professional activities, I have been
collaborating with other U.S. EPA staff, as well as scientists from
the State of Wisconsin Department of Natural Resources and the U.S.
Fish and Wildlife Service to develop approaches for estimating
concentrations of pollutants in surface waters that can protect
wildlife. A major area of current collaboration has involved
deriving criteria for the protection of wildlife in the Great Lakes
Basin. It is intended that these criteria will be issued as

guidance to States in the Great Lakes Basin pursuant to Section 118

of the Clean Water Act, 33 U.S.C. 1268. As part of our

“i GOl TABGTAL Ve " FFOTES,; T Have ‘béén involvéd {n'deveibhiny & Water

concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (“d'ioxin")
that is expected to protect wildlife which use the Great Lakes

Basin and ingest this chemical through their drinking water or food



© . wildlife due to-ingestion:of the pollutant,-assessments.of how much. : . .-+

_sources. In deVeloplng this crlterlon. r;sks to. specxflc wildlife

"o

species, including bald eagles, have been estzmated.

5. I have been asked to focus this Declaration specifically on
whether or mnot a long-term average ambient surface water
concentration of dioxin of 0.013 parts per quadrillion (“ppqg") can
be reasonably assumed not to have an adverse effect on bald eagles
that use a waterbody containing this concentration of dioxin as a

site to obtain food and drinking water.

6. To determine’ if a chémical' in' a ‘watérbody éndangers fish or: : -

of the chemical is consumed and how toxic the chemical is to the
animals must be estimated. These two analyses are termed the
exposure assessment and the hazard assessment, respectively. Taken
together, these analyses are generally termed a risk assessment.
For example, to estimate the amount of chemical a specific bird
species consumes it is necessary know the amount of water they
drink and how much contaminated food they eat. To assess toxicity
of the chemical, a relationship between the dose of the chemical
and the severity of toxic effects is required. From this dose-

response curve a "no adverse effect level“ ‘can bhe estlmated that

; ;tepresents i aoée' ‘that‘ ‘can“reasbnably be" assumed "‘bo ‘canse - ‘no

harmful effects to the species in-question. Once the exposure and

hazard assessments have been performed, it is possible to begin

-



. making judgements about how protective an ambjent surface water.

concentration would be for a specific avian wildlife population.

7. All chemical risk assessments, including the analysis which
will be presented in this Declaration, incorporate assumptions
because there exist uncertainties in the scientific understanding
associated with the exposures to and hazards of pollutants. 2an
example of one source of uncertainty lies in the extrapolation of
results from direct toxicological tests on common laboratory
animals, like the rat or chlcken, to those that could be expected

~in humané br endangered waldl1fe specles, whlch “of course cannot'”

L t’yrpica,l‘l;yij?;be : -tested;-f,direct;iy-. . " Because: of . this * end"-"-other R

uncertainties, it is not possible to state with absolute confidence
that any given water concentration is completely "safe" to wildlife
populations, but rather calculations can be performed that adjust
for +these uncertainties and provide estimates of chemical
concentrations that can be reasonably assumed to have no adverse
effects. When performing risk assessments it is also important to
acknowledge when uncertainties associated with a specific analysis
become so large that a reasonable scientific judgement cannot be
made. As described in paragraph 8, I do not believe this to be the

case for an ‘assessment of d10x1n risk to bald eagles. It must also

S '1'bé=acknowleaged.‘“ thié specific Lnstance that the’technlcal'basisf“*"-

for preparing assessments of chemical risks to wildlife is an
evolving science within the U.S. EPA, as well as within other

federal and state regulatory agencies. Consequently, refinements



_to wildlife.risk assessment methods over-the next decade are-

expected.

8. In my professional opinion, an ambient surface water
concentration of dioxin of 0.013 ppg can be reasonably assumed to
cause no adverse effects to bald eagle populations exposed to the
chemical through their drinking water and food consumption. The
logic behind my opinion is outlined below and is based on the

collaborative efforts mentioned in paragraph 4.

“a. " -Bald eagles are exposed to dioxin in surface waters

e .-primarily -by .eating .fién,.and_,by-.dr'ink'ing,-ffom', the surface waters.: - -

To perform a dioxin exposure assessment for bald eagles it is
necessary to estimate the specific nature of their diet, the dioxin
content of their diet, the typical weight of adult eagles, their
dietary intake rates (i.e., kilograms of food consumed per day),
their drinking water intake rate (i.e., liters of water consumed

per day) and the dioxin content of the surface waters.

b. I and my colleagues in the Great Lakes Basin project
reviewed the scientific literature in order to establish estimates

for the bald eagle exposure parameters. To the best of my

C3 2R S Kb bed ey S Ehe t i terature » hdaicHtes tHat Bald“eaglés dondume a ¢

variety of food including fish, waterfowl and small mammals, both
as live prey and carrion (as reviewed by Colborn, 1991). However,

if available, fish are their principal food and may make up 100% pf



their diet_(Newell et al., 1987; Palmer, 1988;, Kozie apd Aﬁdereon,_
1991). For purposes of this.analysis it is assumed tﬁat A bald
eagle's diet is entirely fish. Based on an analysis of the
scientific literature it is my opinion that it can be reasonably
assumed that an adult bald eagle weighs about 4.5 kilograms
(Bortolotti, 1984; Stalmaster and Gessaman, 1984; Palmer, 1988) and
consumes 0.50 kilograms of fish per day (Stalmaster and Gessaman,
1982; Stalmaster and Gessaman, 1984; Craig et al., 1984). Using an
avian-specific allometric equation (i.e., an eguation that relates
water intake to the welght of an anlmal) of Calder and Braun

{1983) , “tHe drlnklng rate of ‘a4, 5 kllogram eagle can ‘be’ estxmated

. to'be-0.16 liters per-day, .,.;7"'-».;-. T OO P R

c. For purposes of this risk assessment it will be assumed
that all of the surface waters from which a bald eagle consumes
fish and drinks water contains 0.013 ppq dioxin. Estimating dioxin
exposure to bald eagles through drinking water is straightforward;
however, estimating the dioxin content in fish, and thus dioxin
exposure to bald eagles though their diet, is more complex. Dioxin
is known to accumulate in fish tissues at concentrations greater
than are present in the surrounding water. The degree of dioxin

bloaccumulatlon 1n fish w1ll vary with the percent fat content of

‘.“-the‘ fish '(1 e., the ekd faﬁ“”tne 1ower !Ene degree"af'““"

bioaccumulation) and the amount of dlssolved and suspended organic
materials in the water (i.e., the more dissolved or suspended

organic matter the lower the biocaccumulation). There is evidence



that 1nd1cates that,dioxin b10accumulat1on increases by a factor of
10, 000 for every 1% increase in ‘percent fat content of flsh
residing in a large-cold temperature waterbody with low levels of
dissolved or suspended organic matter {Cook et al., 1991; Cook,
1992). If such fish contain 9% fat, it can be estimated that
dioxin will accumulate in the fish to a level 90,000 times greater
than that present in the surrounding water. This calculation is
based on the assumption that fish-eating wildlife consume whole
fish carcasses (i.e., they do not selectively consume fish fillets

which have a lower fat content). The results of several studies

» 2 perfbrmed in the Great ‘Lakes Basin 1ndlcate whoie fish- carcasses“

.+ have ‘ah ‘average fat :Cantent: of 7.9% (.S, 'EPk; 1991) .+ -Although -

these studies suggest that for a large, cold-temperature waterbody
the average percent fat content in fish was approximately 8%, it
has been proposed that a value of 9% be used to protect for the

variation in the measurements (U.S. EPA, 1991).

d. Using the assumptions outlined in points 8a, 8b, and 8c,
the dioxin dose to adult bald eagles eating fish and drinking water
from a waterbody containing 0.013 ppq dioxin can be estimated to be

130 picograms ("pg") of dioxin per kilogram eagle per day.

&1 ins dEdeed the BpedtElE Hasura of‘disnin toreagles and sther " -7 "

avian species, I and my colleagues -in the Great Lakes Basin
guidance project reviewed the scientific literature for toxicity

studies with avian species that involved administration of dioxin



either orally or intrgperitoneally‘ (ﬂi.p.“)'and which gengrgped1
sufficient daté to establish a dose-respénse curve (see'patagraph
. 6). Consistent with the other general requirements employed in
the Great Lakes Basin project, suitable studies were also required
to be of at least 28 days in length and include measurehents of
reproductive impairment. These requirements were used to insure
that tests were long enough to find adverse effects other than
death, including reproductive impairment. For the purposes of
performing the dioxin hazard assessment, priority was given to

those studies involving wildlife species. To the best of my

knowledge, there»areAﬁo'stddies on-bald ‘eagles that .satisfy these- = -

. . w3k .requirements -.(presumably ; bevause . they are .protected: by..thel. .-::

Endangered Species Act). Further, to the best of my knowledge the
only study that meets the test requirements is that of Nosek
(1991), where effects of dioxin on the ring necked pheasant were

investigated.

'An intraperitoneal dose means the chemical is administered
with a syringe and needle by injecting the compound through the
membrane that lines the wall of the abdominal cavity and encloses
the internal organs. Oral routes of dosing can include using a
syringe and blunt needle to administer the chemical to the stomach
or, more commonly, by either treating feed or water with the
chemical and providing the contaminated food source or drinking
water to the animals. Oral routes of exposure were considered most
similar to the routes of exposure to be expected for wildlife using
surface waters. - It is also generally acknowledged in toxicology .
e . Ehat. i.p.:and.oral routes of exposure -are similar because in both.. .. .
Hredig € G Y sk nces” theichemicd X 1§ " ab¥otbed “first by -important™/internal > -

- "+ organs such as the liver. . Given that dioxin is extremely hazardous
" to humans, and the potential for worker contamination is greater in
a feeding or drinking experiment, it was determined that studies
using an i.p. route of exposure would be accepted, since
researchers would likely employ this method to protect themselves

and their co-workers.



‘:’.\.:1‘.: e
a - ’

f. In the ﬁosek (1991) study pheasants were dosed i.p. once a
week, for 10 weeks, at rates equivalent to 0, 1,400, 14,000 and
140,000 pg of dioxin per kilogram of pheasant per day. A
significant decrease in both egg hatchability and the number of
eggs produced per hen were observed in the group that was exposed
to 140,000 pg of dioxin per kilogram pheasant per day. A
significant increase in embryo mortality was also observed at that
dose. However, no significant effects on egg hatchability, the
number of eggs produced or embryo mortality were observed in the

blrds exposed to 0, 1,400 and 14,000 pg of dioxin per kilogram

-pheasant per’ day. Thus, the study demonstrated a no effect. level"

; fbftdiexiniat,14,009a§q49ﬁ¢dioxinppér-kilpgram4pheasantﬁper;aang e e

g. If it were assumed that bald eagles were equally as
sensitive to dioxin as pheasants, the estimated intake of 130 pg
dioxin per kilogram bald eagle per day associated with a water
concentration of dioxin of 0.013 ppg (see point 8d) would be
approximately one hundred times lower than an eagle no effect level

of 14,000 pg dioxin per kilogram bald eagle per day.

h. In my professional opinion, it is reasonable to assume that

bald eagles may be more sen91t1ve than pheasants to dioxin

‘:ééxposﬁre.‘“Therefbre, 1n my dpzniun, it wedld be apprdpfiate o ey

adjust the pheasant no observed adverse effect level to estimate
the hazard of dioxin exposure to bald eagles. The use of data from

surrogate species to estimate the response in another species is a



well established practice in toxicology. For example, adverse
effects of chemicals on humans are typically estimated through use
of laboratory studies involving rats, mice, and dogs. A ten-fold
"uncertainty® factor is commonly employed (U.S. EPA, 1990) to
extrapolate toxicological data from laboratory animals to humans
(i.e., the no adverse effect dose for the human is estimated by
dividing the no adverse effect dose obtained from the surrogate
species by ten). To account for the possibility that the bald
eagle may be more sensitive than the ring necked pheasant, the no
effect level for pheasants of 14,000 pg dioxin per kilogram .

".u’ﬂpheaSant per day. can. be- ﬂlVlded by 10 to give ‘a more protectxve &

i N O i--value-.._@f:- 17400 :.pg-idioxin -per. kilogram _bald'. eagle .petr :day.? .. .-

Therefore the estimated intake of 130 pg dioxin per kilogram bald
eagle per day associated with a water concentration of dioxin of

0.013 ppg (see point 8d) would be approximately ten times lower

2Based on studies comparing the sensitivity of ring necked

pheasants and chickens to polychlorlnated blphenyl 1ntoxlcat10n,

the 10-fold uncertainty factor is, in my opinion, reasonable in

this specific instance. The chicken is generally accepted as the

most sensitive avian species with regard to intoxication by
specific chemicals that are believed to have the same mode of toxic
action as dioxin, such as certain polychlorinated biphenyls (e.qg.,

see review by Gilbertson et al., 1991). An analysis of several
well-conducted chicken . and pheasant polychlorinated biphenyl

.« .. studies (Dahlgren et al., 1972; Scott, 1977; Lillie et al., 1974;

f*ff;?fqm'nrlttan AN - Hustdw;, + < 19733 ~itdicate . that . ‘the " chickKens 'isyiwr

approximately 3 fold more sensitive than the pheasant. The use of
a 10-fold uncertainty factor in the dioxin assessment presented
here assumes the eagle may be more sensitive than the chicken to
intoxication by dioxin-like chemicals and is, in my opinion,
appropriately conservative.

10



than an eagle no effect level of 1,400 pg dioxin per kilogram bald

eagle per day.

i. Because there is variability in sensitivity within any
species, an adjustment of the no effect level to provide protection
of sensitive individuals within an endangered species, such as the
bald eagle, would, in my opinion, be appropriate. To provide for
protection of sensitive eagles, the bald eagle no effect level of
1,400 pg dioxin per kilogram bald eagle per day (see point 8h) can
be divided by 10 to g1ve an estxmated no adverse effect value of

©2140 pg diokln per k1logram bald eagle per day. The use of a 10-

_;foldtc.rﬁnqertainty" ~factor: Aperform egtrapolat;dns:,gg§s3;“-

toxicological data within a species is typically employed in human
hazard assessments for noncarcinogens to provide for an increased
level of protection corresponding to protection of sensitive
individuals (U.S. EPA, 1990). The estimated intake of 130 pg
dioxin per kilogram bald eagle per day associated with a water
concentration of dioxin of 0.013 ppg (see point 8d) is lower than
an eagle no effect level of 140 pg dioxin per kilogram bald eagle

per day.

-j. Because the estlmated dose of 130 P9 leXln per kllogram

- gAg i et Ry ot 1" -dsssciated-with @ ‘water Sencentratisn of N

dioxin of 0.013 ppq (see point 8d), is less than the estimated no
adverse effect dose for bald eagles that is based on a series of

uncertainty assumptions (see points 8f, 8g, 8h, and Bi), it is my

11



professional opinion that it is reasonable to assume that no
adverse effects to bald eagles, which are attributable to dioxin
ingestion, will result from the presence of dioxin in surface

waters at a concentration of 0.013 ppg.

10. It is my professional opinion that it is scientifically
reasonable at this time to assume that an ambient surface water
concentration of dioxin of 0.013 ppq will not result in adverse
effects to bald eagle populations exposed to the chemical through

their drz.nk:.ng water and food sources. In my opJ.nlon, this

: analysislls based on. an assessment of dloxnr hazards to bald eagles

. th‘él_tg “can bef-fg::ns"i‘{ieg:éd -brga&ly. .applicable ,-g_:and-_ hpon. an exposure

assessment I consider a reasonable default analysis in the absence
of site-specific information. As discussed in paragraph 7, future
research may reduce uncertainties associated with dioxin risk

assessments and result in a more refined analysis.
11. Finally, I have reviewed the Declaration of Dr. Ian Nisbet,
dated December 23, 1991, and would like to address two issues he

presents in Paragraph 15.

a. In Paragraph 15 of hJ.s Declaration Dr.. lebet cites an

"."3"':“"*9'-‘”1131196 StUdY G Garrett et a1l (ioge)s “for e *propomtinns."

that bald eagle diets in the Columbia River basin are comprised of
71% fish and that they also consume fish eating birds (quantity not

specified) so that bald eagles are exposed to higher levels of

12



hazardous substances than are birds which only eat £fish. Dr.
Nisbet also cites the study of i(ozie and Anderson (1991) to further
assert that fish eating birds comprise a portion of bald eagle
diets (quantity not specified). Dr. Nisbet fails to acknowledge
that the value of 71% is based on an analysis of prey remains and
that this technique tends to underestimate fish consumption (Kozie
and Ax;derson, 1991 and references cited therein). In fact, Garrett
et al. (1988) acknowledge this fact and state that fish actually
account for either 90% (p. 64 of Garrett et al.) or 94% (p.65 of

Garrett et al.) of the dlet of bald eagles 1n the lower COlumbla

: "R].VEI- f. Thls conclus:.on is- also con51stent w:Lth the' f.\.ndxngs nf'-'

. .o, Kozie -and-Anderson : {1991) ‘who ..tqund; that~an-:ahalysis of prey . .

remains underestimates fish consumption. Indeed Kozie and Anderson.
(1991) estimate that fish actually represent 97% of an eagle diet.
Consistent with the analysis discussed in Paragraph 8b of my
Declaration, and the data provided above, in my opinion, it is
reasonable to assess the risks of dioxin to bald eagles using an

assumption that their diet is entirely comprised of fish.

b. Dr. Nisbet also asserts in Paragraph 15 of his Declaration
that there is a probability (which he does not quantify) that

dn.ox:m contaminatlon at exlstlng levels contrlbutes to reproduct;we

*"'impalrment m bald' eaqles 1nhab1t1ng ‘the" Columbla"RiVer Basin. A T

also asserts - that, -"Cont:l.nued release of 2,3,7,8-TCDD into the
system would further augment exposure of the eagles ... and hence

adverse effects, such as reproductive impairment, would also be

13



augmented." To the extent that Dr. Nisbet is arguing that any
continued release of dioxin to the Columbia River Basin, presumably
even at drastically reduced levels compared to historic discharges,
could augment adverse effects of dioxin to eagles as a result of
augmented dioxin exposure, I believe that his argument lacks a
scientific foundation. Dr. Nisbet does not support his statement
with a scientific calculation that relates dioxin release to eagle
exposure. His Declaration implies that a reduction in the
concentration of dioxin in water, and therefore a reduction of
dlox1n concentratlons 1n food would result in an 1ncrease in

dioxin exposure to eagles. in my oplnlon, this assertion is not -

{ . intuitive and a scientifically-based argument- 6r model ls'needed..to'?

eetablish that a decrease in dioxin concentrations in drinking
water and food sources would lead to an increase in dioxin exposure
to bald eagles. In my opinion, the dioxin body burden in bald
eagles will be reduced over time if dioxin levels in their food and
drinking water is reduced (assuming all other routes of exposure

remain constant).

I declare that the foregoing is true and correct to the best

of my knowledge. Executed thls 12th day of February, 1992, in

b '__._._. et NERR '_.»_."_ g .-..‘.-,'. & AR ’ onsopme ot e tEe ~_ : =g
Dquth Mlnnesota. _,v‘ﬂv'T‘ Fetirak Coned } RN ST G e o WA e

Steven P. Bradbury C:7¥~\\

14
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